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The pressure of 150 Ib. per square inch was maintained for 18 hours3 and
the total percolation during that time was 3 c.c.

Rules for Watertight Concrete.   The following simple rules
may be given for making watertight concrete:

1.  Use a cement of good quality.

2.  Use clean;, sound, well-graded aggregates (non-porous or of low
porosity).

3.  Use a fairly rich mix3 such as I : i|: 3.  .In many instances^ how-

ever> good 1:2:4 concrete will suffice.

4.  Use the minimum amount of mixing water to give a workable con-

crete which can be puddled into place rather than tamped.

5.  Mix the concrete for at least 60 seconds after all the materials are in

the mixer.   A longer mixing period will do no harm3 and probably
will be an advantage.

6.  Place the concrete in approximately horizontal layers not more than

12  in.   deep,  and  spade  it  well  against  the  forms.   Avoid
honeycombing.

7.  Avoid construction joints.   If this is not possible^ remove all laitance

and take the necessary precautions to get a good bond.

8.  Cure the concrete correctly by keeping in a warm, moist condition.

Cracks. Leakage in a concrete structure may be due to cracks.
If there is to be no surface treatment the concrete must be free
from cracks, and this presupposes, among other things, sound
design. This crackless condition is also necessary for many of the
surface treatments, as only an elastic covering can keep out water
after concrete has cracked. On long structures cracks are un-
avoidable unless construction joints are placed at suitable intervals.
This is a question of design, but is mentioned to show the importance
of considering all the factors involved when dealing with a water-
proofing problem. There may be (and very often is) leakage at
construction joints due to the formation of laitance and the un-
satisfactory bonding of the new to the old concrete.

As cracks depend partly on the shrinkage of the concrete, it
would seem that aggregates giving low shrinkage values would
produce concrete having less tendency to crack. This is a point
which has not yet been given much attention.

Concrete cracks because internal stresses are set up which are
' too great for the material to resist. These stresses are produced by :

1.  Changes in moisture content.

2.  Changes in temperature.

3.  Loading.

4.  Chemical reaction.

Moisture.   The expansion and contraction of concrete and